Abstract. It has been found that abnormal activation of the hedgehog (Hh) signaling pathway is involved in the occurrence, invasion and metastasis of malignant tumors. In addition, epithelial-mesenchymal transition (EMT) also performs an important function in the invasion and metastasis of malignant tumors. However, the significance of the Hh signaling pathway and EMT in hepatocellular carcinoma (HCC) remains unknown. In the present study, the expression of Gli family zinc finger 1 (Gli-1) and Gli family zinc finger 2 (Gli-2), which are key transcriptional factors in the Hh signaling pathway, and Twist and E-cadherin, which are two factors involved in EMT, was examined in 42 patients with HCC and 20 cases of non-tumorous liver (NTL) tissue by immunohistochemistry. Clinicopathological information was collected in order to analyze the correlation of the Hh signaling pathway with EMT. The present study aimed to examine the difference in the expression of Gli-1, Gli-2, E-cadherin and Twist in HCC and NTL to assess the diagnostic value of these factors in HCC. Additionally, the present study aimed to elucidate the correlation between those proteins and other clinicopathological parameters. Whether abnormal activation of the Hh signaling pathway is closely associated with EMT was also evaluated. Gli-1 and Twist expression was found to be significantly increased and E-cadherin expression was found to be decreased in HCC in contrast to NTL (Gli-1, P=0.019; Twist, P=0.003; E-cadherin, P<0.001). Increased Twist expression was associated with the tumor size (P=0.043), and loss of or decreased E-cadherin expression was associated with the histological type of HCC (P=0.021). There was an inverse association between the expression of Twist and E-cadherin (P=0.006). These results showed that Twist overexpression by induction of EMT changes is involved in the occurrence and progression of HCC. However, the role of Hh signaling pathway-associated proteins in HCC may require elucidation by additional studies using additional materials in the future.
Introduction
Hepatocellular carcinoma (HCC) is the fifth most common malignancy and the third leading cause of cancer-associated mortality. It is estimated that 500,000-1,000,000 new cases of HCC develop every year (1, 2) . The disease is often fatal since HCC shows aggressive metastasis and is often diagnosed at an advanced stage (3) . Despite advances in surgical and chemotherapeutic approaches, the prognosis of HCC is poor; the 5-year survival rate of patients with HCC is as low as 20-50%, even in early-stage HCC subsequent to radical resection (4, 5) . Recurrence following treatment remains one of the most important causes of poor long-term survival. Molecular markers for the prediction of prognosis of HCC may be able to aid the development of more effective therapeutic strategies (6) .
The hedgehog (Hh) signaling pathway is an important pathway in the development of embryos and is essential for the growth and differentiation of embryonic cells and the maintenance of stem cells (7) . However, abnormal activation of this signaling pathway may cause excessive cell proliferation, resulting in the development of cancer (8) . Recently, abnormal activation of the Hh pathway has been reported in diverse cancers, including skin, gastrointestinal tract, breast, prostate, pancreas and lung cancer (9) (10) (11) (12) (13) (14) (15) . The Hh signaling pathway is composed of three ligands, consisting of sonic Hh (Shh), Indian Hh, and desert Hh, which bind to the transmembrane receptor Patched 1 (Ptch1) (2) . The Hh signaling cascade is initiated as Hh binds to the 12 transmembrane proteins that form Ptch1. This internalizes Ptch1 and relieves the suppression of Smoothened (Smo), which activates the glioma-associated oncogene Gli transcription factor. The Gli transcription factor exists in 3 forms, consisting of GLI family zinc finger 1 (Gli-1), GLI family zinc finger 2 (Gli-2) and GLI family zinc finger 3 (Gli-3) (11, 16) .
Although the detailed mechanism of this pathway has yet to be established, it is known that full-length Gli-3 is transported into the nucleus in order to activate the Hh target genes (17) . Among the Hh target genes functioning as transactivators, Gli-1 is considered to be a marker of the Hh pathway activation (17, 18) . In addition, the Hh pathway cascade cross-talks with the WNT, epidermal growth factor (EGF)/fibroblast growth factor (FGF) and transforming growth factor (TGF)-β/Activin/Nodal/bone morphogenetic protein (BMP) signaling cascades, which are implicated in epithelial-to-mesenchymal transition (EMT) through repression of E-cadherin and activation of N-cadherin. Therefore, the Hh signaling pathway is involved in the invasion and metastasis of cancers (19) . EMT also plays an important role in the invasion and metastasis of cancers. Epithelial cells lose cell polarity and cell-cell adhesion properties, and gain migratory and invasive properties to become mesenchymal cells during the process of EMT (20) . Cells that have undergone EMT behave similarly to stem cells isolated from normal or neoplastic cell populations in numerous ways (21) . The basic helix-loop-helix transcription factor Twist and the zinc-finger transcriptional repressor Snail are important regulators of EMT. These transcription factors induce changes in the spreading ability and morphology of cancer cells through suppression of E-cadherin expression, and epithelial cancer cells then acquire mesenchymal markers (22) . The Hh signaling pathway may be one of the signaling pathways in the tumor microenvironment that involves EMT (23) . However, the association between the Hh signaling pathway and EMT in HCC is remains poorly understood.
In the present study, the expression of Gli-1 and Gli-2, which are key transcriptional factors in the Hh signaling pathway, and of Twist and E-cadherin, which are two factors involved in EMT, was evaluated in patients with HCC, according to immunohistochemical results. In addition, the association between the expression of these factors and known clinicopathological factors associated with prognosis was analyzed. The present findings may uncover the clinical significance of the Hh signaling pathway and EMT in HCC. Histopathological analysis. Each case was re-evaluated by retrospective analysis of the medical records and the tissue slide files at the Department of Pathology, College of Medicine, Chosun University (Gwangju, South Korea). The age, gender, presence of hepatitis B surface antigen (HBsAg) and level of serum α-fetoprotein (s-AFP) were assessed. The examined tissues were fixed in 10% neutral formalin and the prepared paraffin-embedded tissues were sectioned (4-5 µm in thickness).
Materials and methods

Samples
Hematoxylin and eosin (H&E) staining (Ventana Medical Systems, Tucson, AZ, USA) was performed according to the standard procedure and the sections were examined under a light microscope (Olympus BX51; Olympus Corporation, Tokyo, Japan). By review of the H&E slides, the histological diagnosis, tumor size, T stage, Edmonson-Steiner grade (24) , invasion of liver capsule and bile duct and liver cirrhosis in the non-tumor liver tissue were reevaluated. A representative area of tumor suitable for the purpose of the present study was selected, and the slides were prepared for immunohistochemical analysis.
Immunohistochemical staining. All specimens were tested using rabbit polyclonal anti-Gli-1 (catalog no., ab92611; Abcam, Cambridge, MA, USA), anti-Gli-2 (catalog no., ab7181) and anti-Twist (catalog no., ab50581; Abcam), and mouse monoclonal anti-E-cadherin (catalog no., NCL-L-E-Cad; Novocastra; Leica Biosystems, Milton Keynes, UK) antibodies, according to the manufacturer's protocol. Immunolocalization was performed using the ImmunoCruz Mouse Staining System (catalog no., sc-2050; Santa Cruz Biotechnology, Inc., Dallas, TX, USA), according to the manufacturer's protocol. The staining process was performed according to the protocol recommended by the manufacturer of the NexES autoimmunostainer (Ventana Medical Systems).
Briefly, the 4-µm sections obtained following formalin fixation and paraffin embedding were deparaffinized in xylene and then rehydrated with distilled water through a graded series of ethanol solutions. The sections were then placed in a glass jar with 10 mmol/l citrate buffer (pH 6.0) and were irradiated in a microwave oven for 15 min at 99˚C. The sections were allowed to cool in the jar at room temperature for 20 min. The slides were then rinsed with Tris-buffered saline and, subsequent to quenching the endogenous peroxidase activity in 0.3% hydrogen peroxide for 10 min. The slides were then washed as described, and immunohistochemistry was performed using the NexES autoimmunostainer. Slides were incubated with primary antibodies against Gli-1 (dilution, 1:100), Gli-2 (dilution, 1:100), Twist (dilution, 1:100) and E-cadherin (dilution, 1:100) for 32 min. The ultraView Universal DAB Detection kit (catalog no., 760-500; Ventana Medical Systems) was used as the secondary detection method. This kit includes the biotinylated immunoglobulin (Ig) secondary purified goat anti-mouse IgG and IgM and goat anti-rabbit IgG antibodies in phosphate-buffered saline with preservative. Incubation was performed for 8 min and was followed by the addition of conjugated streptavidin horseradish peroxidase for 8 min. Slides were then counterstained with hematoxylin (catalog no., 760-2021; Ventana Medical Systems).
A n alysis a n d interpretation of staining. Representative histological sections of the lesions were immunohistochemically stained and the expression of the target proteins was analyzed using antibodies against Gli-1, Gli-2, Twist and E-cadherin.
To assess the expression of Gli-1 and Gli-2, a total of 10 high-power fields were selected from each section, and nuclear protein expression in ≥10% of cells was considered to indicate positive expression (23) . E-cadherin was expressed in the cellular membrane of normal hepatocytes and cancer cells. Expression intensity that was similar or increased relative to that of adjacent normal hepatocytes was defined as maintenance of expression; weak expression compared with normal hepatocytes or loss of expression was defined as a decrease in expression (25) . Twist was expressed in the nucleus and cytoplasm of cancer cells; positive expression was defined as a staining intensity higher than that of background staining.
Statistical analysis. Statistical analysis was performed using SPSS 12.0 software (SPSS, Inc., Chicago, IL, USA). The χ 2 test and Fisher's exact test were used to demonstrate the association between the expression of proteins and clinicopathological factors. P<0.05 was considered to indicate a statistically significant difference.
Results
Clinical and histological features. The clinicopathological characteristics of the patients are summarized in Table I . The mean age of the 42 patients with HCC at the time of surgery was 57.8 years, and the ratio of male to female patients was 35:7 (83.3:16.7%), showing a male predominance. In total, 26 patients (61.9%) showed expression of HbsAg. The tumor size was <5 cm in 29 patients (69.0%) and ≥5 cm in 13 patients (31.0%). There were prominent cirrhotic lesions of the background liver in 33 patients with HCC (78.6%). The T stage, which was assessed according to tumor size, tumor number and vascular invasion, was classified as pT1 in 31 patients (73.8%), pT2 in 5 patients (11.9%) and pT3 in 6 patients (14.3%). Capsular invasion was found in 8 patients (19.0%) and bile duct invasion was found in 3 patients (7.1%).
Histologically, tumors were trabecular type in 20 patients (47.6%), pseudoglandular or mixed type of trabecular and pseudoglandular types in 18 patients (42.9%), and solid type in 4 patients (9.5%). The s-AFP level was <100 ng/ml in 31 patients (73.8%) and ≥100 ng/ml in 11 patients (26.2%).
Immunohistochemistry results. The present study examined the expression of the Hh signaling pathway-associated proteins Gli-1 and Gli-2 and the EMT-associated proteins Twist and E-cadherin in 42 tissue samples with HCC and 20 tissue samples of NTL.
The expression of Gli-1 was identified in 2 NTL tissues (10.0%) and 17 HCC tissues (40.5%), which showed a statistically significant difference in expression between NTL and HCC (P=0.0.19) (Fig. 1A and B) . However, Gli-2 expression was identified in 14 NTL tissues (70.0%) and 33 HCC tissues (78.6%), which did not show any difference between two groups ( Fig. 1C and D) .
Strong E-cadherin expression was identified in all NTL tissues (100%), whereas only 8 HCC tissues were positive for E-cadherin expression, which showed a statistically significant difference between the two groups (P<0.001) (Fig. 2) . Twist expression was also significantly different between the two groups, with Twist expression identified in 8 NTL tissues (40.0%) and 34 HCC tissues (81.0%) (P=0.003; Table II ; Fig. 3) .
A ssociation bet ween E-ca dherin expression a nd clinicopathological factors. Loss or decrease of E-cadherin expression was identified in 33 out of 42 patients (78.6%) with HCC, which was associated with the histological type of HCC, as loss or decrease of expression was identified (Fig. 2) . However, other clinicopathological factors were not associated with E-cadherin expression (Table III) .
Association between Twist expression and clinicopathological factors. Twist expression was identified in 34/42 HCC tissues (81.0%) and was associated with tumor size, as Twist expression was identified in 21/29 tumors <5 cm in size (72.4%) and in 13/13 tumors ≥5 cm in size (100%) (P= 0.043). However, other clinicopathological factors were not significantly associated with E-cadherin expression (Table III) .
Association between the expression of Gli-1 and Gli-2 and clinicopathological factors. Gli-1 expression and Gli-2 expression did not show a significant association with any clinicopathological factors (Table IV) .
Correlation between E-cadherin expression and Twist expression. A significant inverse association was identified between Twist and E-cadherin expression (P=0.006), as 34/42 HCC tissues (81.0%) showed Twist expression, and 30/34 of these Twist-positive HCC tissues showed a loss of or prominent decrease in E-cadherin expression (Table V) .
Association between the Hh signaling pathway-associated proteins Gli-1 and Gli-2 and the EMT-associated proteins
Twist and E-cadherin. There was no significant association between the expression of the Hh signaling pathway-associated proteins and the EMT-associated proteins.
Discussion
The Hh signaling pathway plays an important role in embryonic development, organ maturation and morphological maintenance (26) . This pathway is inactivated when embryos become mature. Abnormal activation of the Hh signaling pathway is closely associated with the occurrence, invasion and metastasis of certain malignant tumors, including gastric cancer (19, 20) . Out of several Hh target genes, Gli-1 is a major transcription factor of the Hh signaling pathway (6) . High expression of Gli-1 has been reported in several cancers, including gastric and colon cancer, in contrast to normal cells (6,23). Wang et al (23) reported that Gli-1 expression increased markedly in progressive gastric cancer and was closely associated with increased Snail (EMT marker) expression and decreased E-cadherin expression. The positive Gli-1 expression group had a significantly increased invasion depth and a higher percentage of patients with lymph node (LN) invasion compared with the negative Gli-1 expression group. In the study of colon cancer and melanosis coli by Wang et al (27) , it was also reported that the protein and mRNA levels of Gli-1 are aberrantly elevated in colon cancer compared with normal tissues. Gli-2 is one of the transcription factors of the Hh pathway and regulates the expression of downstream target genes, including Gli-1, Bcl-2, c-FLIP, cyclin D1, c-Myc and vascular endothelial growth factor (6, 28, 29) . Gli-2 overexpression has also been reported in several malignant tumors, such as medulloblastoma, breast cancer and HCC (6, 30) , and Gli-2 overexpression is associated with poor survival (6).
Im et al (30) analyzed the expression of Hh signaling proteins, including Shh, Ptch, Smo, Gli-1, Gli-2 and Gli-3. The expression of Hh signaling proteins demonstrated a statistically significant correlation with certain prognostic factors, such as LN metastasis and tumor stage. LN metastasis was associated with Shh and Ptch expression and tumor stage was associated with Shh and Gli-3 expression. Gli-2 expression was associated with a poorer overall survival time. In addition, in a study of 68 cases of HCC and 20 cases of NTL by Zhang et al (6) , high expression of Gil-2 was identified in HCC tissue and was associated with poor prognostic factors, including differentiation of cancer cells, capsular invasion, tumor recurrence and intra-hepatic metastasis subsequent to hepatectomy.
EMT, which is one of the characteristics of the tumor microenvironment, also plays an important role in the invasion and metastasis of cancers. Through EMT, epithelial cells lose cell polarity and adhesion properties between epithelial cells, and gain migratory and invasive properties to become mesenchymal cells (20) . A hallmark of EMT is downregulation of the cell adhesion molecule E-cadherin. E-cadherin is a transmembrane protein that is essential for the formation of adherent cell junctions and the upregulation of mesenchymal molecules, including vimentin, fibronectin and N-cadherin. It has been reported that suppression of E-cadherin is associated with dedifferentiation of cancer cells, infiltrative growth of tumors and the high incidence of LN metastasis in several cancers (31) (32) (33) . This suppression is induced by several routes, including gene mutation, promoter hypermethylation or promoter repression by transcription repressors during tumor progression. A variety of transcription factors all interact with the E-box element within the proximal region of the E-cadherin promoter, including the zinc finger Snail homologs Snail1, Snail2/Slug and Snail3, and several basic helix-loop-helix factors, such as Twist, ZEB-1 and ZEB-2 (32, (34) (35) (36) . Of these crucial factors regulating EMT, the Twist family shares homology in structure across the basic helix-loop-helix domain and is expressed during mesoderm and muscle development (37) . Similar to other EMT-associated transcription factors, such as Snail, Slug and SIP, Twist binds to DNA using similar E-box sequence motifs and suppresses E-cadherin expression (38) . In the present study, the expression of the Hh-associated proteins Gli-1 and Gli-2 and the EMT-associated proteins Twist and E-cadherin were examined in 42 HCC tissues and 20 NTL tissues by immunohistochemistry, in order to determine the role of the Hh signaling pathway and EMT in HCC. Based on the results of immunohistochemistry, the present study analyzed whether these proteins show different expression in HCC compared with NTL, the association between the expression of these proteins and various clinicopathological factors, and whether the expression of Hh signaling pathway-associated proteins is associated with the expression of EMT-associated proteins in HCC.
In contrast to the results of the study by Zhang et al (6), Gli-2 was expressed in NTL and HCC tissues in the present study, and there was no significant difference between the expression in the two groups. However, Gli-1 was expressed in 40.5% of HCC tissues and 10% of NTL tissues, showing a significant difference between the two groups. This finding suggests that Gli-1 expression has diagnostic value for HCC. Gli-1 and Gli-2 expression were not associated with various clinicopathological Table III . Association between expression of Twist and E-cadherin and clinicopathological features of hepatocellular carcinoma. factors. The EMT-associated proteins E-cadherin and Twist showed significantly decreased expression in HCC compared with NTL. E-cadherin was expressed at the cellular membrane in all NTL tissues (100%). However, 34/42 HCC tissues (81.0%) showed a total loss or prominent decrease in E-cadherin expression, which was a statistically significant difference (P<0.0001). Twist was expressed in 8/20 NTL tissues (40.0%) and 34/40 HCC tissues (81.0%), showing significantly different expression between the two groups. These results suggest that E-cadherin and Twist also have crucial diagnostic value in the histological examination of suspected HCC. Among the various clinicopathological factors assessed, E-cadherin expression was associated with the histological type of HCC, and Twist was associated with the tumor size.
In the study by Katoh et al (19) , it was found that the Hh signaling cascade cross-talks with the WNT, EGF/FGF and TGF-β/Activin/Nodal/BMP signaling cascades, which are involved in EMT through E-cadherin suppression. The present study examined the association between the Hh signaling Table V . Association between Twist and E-cadherin expression in hepatocellular carcinoma tissues. Table IV . Association between the expression of Gli-1 and Gli-2 and clinicopathological features of hepatocellular carcinoma. pathway-associated proteins Gli-1 and Gli-2 and the EMT-associated proteins Twist and E-cadherin. However, there was no significant association identified. By contrast, E-cadherin expression showed an inverse association with Twist expression (P=0.006). An association between high expression of Twist and loss of E-cadherin expression has been reported in previous studies of endometrial cancer, HCC and colon cancer (39) (40) (41) . The study by Lee et al (40) reported a correlation between HCC metastasis and Twist-induced HCC invasiveness through EMT by suppression of E-cadherin expression. Yang et al (22) first reported the role of Twist in cancer metastasis. This study suggested that Twist induced EMT, resulting in the promotion of tumor invasion (22) . However, the role of EMT-associated proteins in cancer metastasis is controversial. Certain studies have shown that Twist overexpression is correlated with EMT-mediated metastasis in prostate and breast cancers (22, 42) . By contrast, other studies have reported that there is no correlation between Twist overexpression and EMT-mediated metastasis in gastric and colon cancers (43, 44) . Twist, similar to other EMT-inducing transcription factors, such as Snail, Slug and SIP, bind DNA using similar E-box sequence motifs, repressing E-cadherin expression (38) . In the study of breast cancer by Fackler et al (45) , Twist was hypermethylated less often in infiltrating lobular carcinoma (ILC) than in infiltrating duct carcinoma (IDC), and exhibited increased expression in IDC compared with ILC. Promoter methylation of the Twist gene has been reported in breast cancer, particularly in metastatic lesions (46) . Although increasing evidence has shown the importance of Twist in the development and progression of human cancers, the underlying function is controversial. These contrasting data suggest that the role of Twist in tumor progression may be cell type-specific, and the role of Twist in cancer progression thus requires additional investigation (40) . The expression of E-cadherin is regulated at the genetic level through gene mutation, loss of heterozygosity and hypermethylation of its promoter in various cancers (39, 46) . However, Tamura et al (47) reported that E-cadherin promoter methylation is not closely associated with the loss of E-cadherin expression. The regulatory mechanism of E-cadherin is controversial and consensus has not been reached (40) .
In summary, the present study showed that expression of Gli-1, Twist and E-cadherin in HCC was significantly different compared with NTL, which suggests a diagnostic value of these proteins in HCC. In addition, increased expression of Gli-1 and Twist plays a role in the pathogenesis of HCC. Twist expression is associated with reduced expression of E-cadherin, which suggests that Twist provides tumoral invasiveness through EMT by loss of E-cadherin expression. These results may be used to inform guidelines regarding therapeutic approaches for HCC, such as the regulation of E-cadherin. The present study aimed to analyze the association between the Hh signaling pathway and EMT in HCC. However, there was no significant difference in the expression of proteins in the two groups. Additional investigation of the interaction between the Hh signaling pathway and EMT in HCC and the prognostic value of these proteins may be required. 
